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Dialysis disequilibrium syndrome (DDS) in the rat: Role of the reverse
urea effect. DDS is characterized by neurologic deterioration and
cerebral edema which occurs after hemodialysis. To investigate the
pathogenesis of DDS, we studied the effects of rapid hemodialysis on
plasma and brain electrolytes, urea, and osmolality in the rat. Forty-two
hours after bilateral nephrectomy, nine uremic rats were hemodialyzed
for 90 minutes against dialysate without urea (model of DDS), yielding
a decrease in plasma urea from 72 2 m to 34 2 mM (P < 0.01) and
an 8% (29 mOsm/kg) decrease in plasma osmolality. This group was
compared to three control groups: 11 uremic animals dialyzed against a
bath with urea added so that no fall in plasma urea occurred, and 15
uremic and 12 nonuremic animals that were not dialyzed. In animals
dialyzed without urea, compared to uremic non-dialyzed animals, there
was a 6% increase in brain water (3.89 0.04 liter/kg dry wt vs. 3.67
0.03, P < 0.01) and an increase in the brain to plasma (urea) ratio (1.30
0.06 vs. 0.79 0.05, P < 0.01). Comparison of these parameters in
animals dialyzed without urea versus other control groups yielded
similar results. In animals dialyzed without urea, the 53% decrease in
plasma urea was associated with only a 13% decrease in brain urea
content. Brain content of sodium and potassium was not significantly
different among groups. Retention of brain urea despite the large
decrease in plasma urea was able to account for the increased brain
water observed in animals dialyzed without urea. The brain to plasma
osmolality ratio in animals dialyzed without urea (1.00 0.04) was not
significantly different from the three control groups. We conclude that
the cerebral edema in our model of DDS appears primarily due to a
large brain to plasma urea gradient.
The dialysis disequilibrium syndrome (DDS) is characterized
in its most severe form by cerebral edema, seizures and coma
developing towards the end of a hemodialysis treatment [1].
The brain swelling associated with DDS was first attributed to
rapid changes in plasma urea. It was known that urea diffuses
slowly into brain tissue [21, making intravenous urea an effec-
tive treatment for cerebral edema. Thus, it was hypothesized
that slow removal of urea from the brain during acute hemodi-
alysis establishes a brain to plasma gradient which promotes
osmotically-induced brain swelling, that is, the "reverse urea
effect" [31. In support of this hypothesis, early clinical studies
documented higher urea concentrations in the cerebrospinal
fluid (CSF) than plasma following hemodialysis [4, 5], and
electroencephalographic abnormalities associated with acute
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dialysis could be suppressed by adding urea to the dialysate [6].
Also, clinical symptoms associated with DDS could be amelio-
rated by maintaining plasma osmolality during dialysis with
intravenous mannitol or by increasing dialysate sodium [7, 81.
Studies of brain composition following dialysis of uremic
dogs have yielded conflicting results regarding the role of urea
in the pathogenesis of DDS. The studies of Pappius et a!
indicated that a significant urea gradient between blood and
brain was present after rapid hemodialysis [9], but this was not
confirmed by Wakim and colleagues [10]. Arieff and co-workers
concluded that the increase in brain water observed in rapidly
dialyzed dogs was due to formation of idiogenic osmoles rather
than the "reverse urea effect" [11—13]. The present work was
undertaken to re-explore the pathogenesis of DDS in a model of
hemodialyzed uremic rats.
Methods
Four groups of male Sprague-Dawley rats (Holtzmann, Mad-
ison, Wisconsin, USA) weighing 300 to 400 g were studied:
Group I—Normal controls: 12 non-uremic animals that did
not receive dialysis.
Group Il—Uremic non-dialyzed controls: 15 acutely uremic
animals that did not receive dialysis.
Group Ill—Dialysis with urea: 11 acutely uremic animals
dialyzed for 90 minutes against dialysate with a concentration of
urea equal to that of plasma.
Group TV—Dialysis without urea (model of DDS): 9 acutely
uremic animals dialyzed for 90 minutes against dialysate with-
out urea.
Animals in Groups II through IV underwent bilateral ne-
phrectomy under pentobarbital anesthesia (50 mg/kg i.p.) via
flank incisions; anesthetized animals in Group I underwent
sham nephrectomy. In Groups III and IV, at the time of
nephrectomy, femoral venous and arterial lines (PE 50) were
inserted and placed subcutaneously. All groups were then fed a
low sodium and potassium tube feeding diet (ICN Nutritional
Biochemicals, Cleveland, Ohio, USA, 2.7 ml water/g dry feed)
to which sodium bicarbonate was added (final concentration 75
mM). Five feedings were given by gavage over 42 hours (21
ml/lOO g body weight/42 hours). Animals in Group I were given
2 ml additional water per feeding to compensate for urinary
losses. This regimen yielded uremic, normonatremic animals
without significant acidemia in Groups II through IV (Tables 1
and 2).
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Table 1. Effects of uremia and rapid hemodialysis on composition of plasma
Group I Group II Group III
(non-uremic, not (uremic, not (uremic, dialyzed
dialyzed) dialyzed) with urea)
Group IV
(uremic, dialyzed
without urea)
Plasma sodium m
Pre-dialysis 144 2 145 2 142 1 143 2
Post-dialysis — — 146 ia 148 ia
Plasma urea mM
Pre-dialysis 6 0,06b 70 4 77 4 72 2
Post-dialysis — — 76 3 34 2a
Plasma creatinine iii
Pre-dialysis 70 3b 554 17 605 19 563 10
Post-dialysis — — 290 24 278 l5
Measured plasma osmolality
mOsm/kg
Pre-dialysis 290 361 6 356 11 350 6
Post-dialysis — — 367 9 334 7
Calculatedc plasma osmolality
mOsmlkg
Pre-dialysis 294 3' 356 6 359 5 355 4
Post-dialysis — — 363 4 326 ia
Plasma glucose mM
Pre-dialysis 8.3 0.4 7.3 0.9 8.0 0.7 7.5 1.0
Post-dialysis — 5.8 0.6a 7.3 0.5
Hematocrit
Pre-dialysis 42 3 33 5 34 1 35 4
Post-dialysis — — 26 ia 26 3
a p < 0.05 versus pre dialysis value of same group
b P < 0.05 versus all other groups
C Calculated plasma osmolality = (1.86 x plasma sodium) + plasma glucose + plasma urea + 9
Table 2. Effects of uremia and rapid dialysis on acid-base balance and oxygenation
Group I Group II Group HI Group IV
(non-uremic, not (uremic, not (uremic, dialyzed (uremic, dialyzed
dialyzed) dialyzed) with urea) without urea)
pH
Pre-dialysis — — 7.36 0.02 7.38 0.02
Post-dialysis — — 7.29 o.Ola 7.30 0.o3
Pc02 mm Hg
Pre-dialysis — — 45 2 45 3
Post-dialysis — 45 1 46 2
Plasma bicarbonate mEqiliter
Pre-dialysis 30 3' 31 6C 25 2"
Post-dialysis — 21 1d
26 2d
22 1a,d
Plasma chloride mEqlliter
Pre-dialysis 98 2b 79 3 79 2 77 2
Post-dialysis — 102 2 102 ia
Anion gape mEqiliter
Pre-dialysis 16 35 3' 37 2"
Post-dialysis — — 23 3a,d
39 4"
25
Po mm Hg
?re-dialysis — — 102 6 97 5
Post-dialysis — — 113 4 98 7
a P < 0.05 versus pre-dialysis value of same group
' P < 0.05 versus all other groups
C Bicarbonate determined chemically from trunk blood
d Bicarbonate calculated from pH and P02 of arterial blood
Anion gap Na — (Cl + HCO3)
Our technique for hemodialysis of rats was a modification of
the method described by Rockel and co-workers [14]. Approx-
imately 42 hours after nephrectomy, animals to be dialyzed
were placed in restraining cages on a digital platform scale to
allow continuous monitoring of body weight. Dialysis was
alternated between Groups III and IV. Pre-dialysis blood sam-
ples were obtained from the femoral artery in Groups III and
IV. Blood pressure was measured by connecting the femoral
arterial line to a transducer; animals with a mean arterial blood
pressure less than 100 mm Hg were not dialyzed or studied
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further. Femoral arterial and venous lines were attached to
plastic tubing (Tygon, #13, Cole-Parmer, Chicago, Illinois,
USA) that was in turn attached to a hollow fiber cuprophane
dialyzer with surface area of 150 cm2 (provided by Baxter
Corporation, Deerfield, Illinois, USA). Before dialysis, each
animal was given 4 ml of blood from non-uremic rats, an
amount equal to the volume of the extra-corporeal circuit
volume (2.5 ml) and the volume of blood removed for plasma
and blood gas analysis (1.5 ml). Heparin was administered in a
2,000 unit bolus, followed by a 1,000 unit/hour infusion into the
arterial line to prevent dialyzer clotting. The dialysate con-
tained, in mM/liter: sodium 140, bicarbonate 25, potassium 4,
chloride 124, calcium 1.25, magnesium 1.5, and glucose 11. In
Group III (dialysis with urea), urea (75 to 85 mM) was added to
the dialysate. Dialysate temperature was maintained at 37°C.
Dialysis was performed for 90 minutes. Arterial blood was
delivered by an occlusive pump (Microprocessor pump drive
Model 7524-01, Cole-Parmer, Chicago, Illinois, USA) at a blood
flow rate of 1 ml/minIlOO g body weight and returned through
the femoral venous line. Countercurrent dialysate flow rate was
20 mI/mm. The animal was kept at constant weight by infusion
of dialysate into the venous line via syringe pump. Immediately
after dialysis, animals were sacrificed by decapitation. Non-
dialyzed animals (Groups I and II) were also sacrificed at this
time.
Analytical methods
Plasma composition. Plasma was obtained from the femoral
artery before dialysis in groups III and IV. Arterial blood pH,
Pc02' and P02 were obtained from the femoral artery pre- and
post-dialysis in Groups III and IV (Instrumentation Laboratory
Model 1304 Blood Gas Analyzer, Boston, Massachusetts,
USA). Arterial blood for plasma analysis was not drawn post-
dialysis in order to preserve blood pressure until decapitation,
at which time trunk blood was obtained for this purpose. In
Groups I and II (non-dialyzed groups), plasma was obtained
from trunk blood after decapitation. Plasma measurements
included hematocrit, plasma osmolality by freezing point de-
pression (Precision Systems Micro-Osmette Model 5004, Pre-
cision Systems, Natick, Massachusetts, USA), sodium, bicar-
bonate, chloride, glucose, creatinine (Beckman Synchron CX3,
Palo Alto, California, USA) and urea by a urease method [15].
Brain composition. Immediately after decapitation, the head
was cut sagitally with a scroll saw. The evenly bissected brain
was removed by scooping the two hemispheres from the two
halves of the cranium.
Within 15 seconds after decapitation, one-half of the brain
was placed in liquid nitrogen and stored at —70°C for later
analysis. The frozen tissue was crushed to a fine powder under
liquid nitrogen. Brain tissue osmolality was measured using a
modification of the method of Arieff et al [16]. For each sample,
three aliquots (approximately 0.15 g of crushed brain tissue)
were weighed in test tubes. Approximately 0.5 ml boiled water
was immediately added to the tubes. The tissue solution was
maintained at 95°C for 90 minutes, and was then centrifuged and
reweighed. The osmolality of the supernatent was measured by
freezing point depression. The final osmolality of the fluid was
60 to 90 mOsm/kg. To measure brain urea, three samples
(approximately 0.05 g) of frozen and crushed tissue were
precipitated with perchioric acid and neutralized with potas-
sium phosphate for analysis by a urease method [15].
The other half of the brain was weighed within 30 seconds
after removal from the skull, dried at 100°C for 48 hours, and
then reweighed to determine water content. Based on this water
content, brain urea and osmolality values measured in frozen
wet brain were expressed in terms of brain water or per kg of
dry brain weight. The dried brain tissue was crushed and
dissolved in 0.75 N HNO3 for sodium and potassium analysis by
flame photometry (IL Model 443, Boston, Massachusetts,
USA).
Statistical methods
Data are expressed as mean values SEM. Differences
between groups for all brain analyses and for pre-dialysis
plasma analyses were assessed by one factor ANOVA with
significance determined by the Scheffe F-test (Statview II,
Abacus Concepts, Berkeley, California, USA). Student's
paired t-test was used to assess differences between pre-dialysis
values and post-dialysis values within a group. Significance was
accepted at the P < 0.05 level.
Results
Eighty percent of the nephrectomized animals survived for
the 42 hours between surgery and dialysis. About 20% of the
dialyzed animals died during the dialysis procedure, usually
shortly after initiation of dialysis, due to perforation of the
femoral vein. Animals that survived appeared to tolerate the
procedure well, maintaining a stable blood pressure throughout
the treatment. No apparent differences were noted in the
neurologic conditions of animals dialyzed with and without
urea.
Plasma analysis
In uremic animals, pre-dialysis (or post-decapitation in Group
II) urea, glucose, osmolality and sodium levels were equivalent
(Table I). After dialysis, plasma urea in Group III (dialysis with
urea) had not significantly changed, but in Group IV (dialysis
without urea) plasma urea decreased from 72 2 mM to 34 2
m, a 53% decrease. Plasma creatinine decreased equivalently
in Groups III and IV. In both Group III and Group IV, the
plasma sodium increased about 4 m during dialysis. Plasma
osmolality decreased significantly in Group IV due to the 38 mM
decrease in plasma urea during dialysis. Hematocrit decreased
equivalently in both dialyzed groups, most likely secondary to
hemolysis due to rapid blood flow through the dialysis access
lines.
Acid-base status (Table 2) of the uremic animals pre-dialysis
was consistent with a mild respiratory acidosis with a combined
metabolic acidosis (implied by the large anion gap) and meta-
bolic alkalosis (caused by the administration of bicarbonate).
An equivalent decrease in pH was observed in both dialyzed
groups, The partial pressure of oxygen pre- and post-dialysis
indicated adequate oxygenation in both dialyzed groups before
and after dialysis (Table 2).
Brain composition
Brain water in Group IV (dialysis without urea) was 6%
higher than other groups and there were no other differences in
brain water among other groups (Table 3). There were no
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Table 3. Effects of uremia and rapid hemodialysis on composition of brain
Group I
(non-uremic, not
dialyzed)
Group II
(uremic, not
dialyzed)
Group III
(uremic, dialyzed
with urea)
Group IV
(uremic, dialyzed
without urea)
Brain water liter/kg dry wt
Brain urea mmol/liter brain water
Brain osmolality mOsm/kg br water
Brain sodium mmol/kg
Brain potassium mmol/kg
Brain Na + K mM/kg
Brainlmeasured plasma osmolality
Brain/calculated plasma osmolality
Brain osmole content mOsm/kg dry wt
Brainlplasma urea
Brain urea content mmol/kg dry wt
3.68 0.01
5 0.4a
317 3'
253 7
523 16
776 23
1.09 0.03'
1.08 0.02'
1169 l3
0.86 0.05
19 i'
3.67 0.03
53 2'
390 6b
244 13
488 15
732 28
1.08 O.O2
1.09 0,02d
1435 23
0,79 0.05
198
3.67 0.04
59 3b
385 10b
238 7
489 14
728 19
1.06 0.04
1.06 0.03
1415 39
0.77 0.04
214 10b
3.89 0.04a
45 2a
334 7C
226 7
489 15
716 20
1.00 0.04
1.02 0.02
1299 29
1.30 0.06a175 8
a P < 0.05 versus all other groups
b P < 0.05 versus groups I and IV
P < 0.05 versus groups H and IIId Plasma osmolality significantly less than brain osmotality (P < 0.05)
significant differences in brain content of sodium, potassium or
their sums among any of the groups, and thus the cerebral
edema observed in Group IV could not be accounted for by an
increase in brain electrolyte content. The urea concentration in
brain was less than plasma in Groups I through III, but greater
than plasma in Group IV. Specifically, the brain urea concen-
tration in Groups II and III was 17 and 18 m less than plasma,
respectively, but was 11 mri more than plasma in Group IV.
Brain urea content in Group IV was slightly, but significantly
less than in Groups II and III.
Brain osmolality was significantly higher than plasma osmo-
lality in Groups I and II. There was no significant difference in
the ratio of brain to plasma osmolality between groups. Total
brain osmole content in Group IV tended to be lower than
Group III (P = 0.07).
Predicted brain water
Does the reverse urea effect adequately explain the cerebral
edema that occurs in our model of DDS? Given the time course
of our experiments, brain and plasma can be safely assumed to
be in osmotic equilibrium [17]. On the basis of this assumption,
we can calculate the increase in brain water (BW) that would be
predicted by our measured changes in plasma osmolality
(Posm) and brain solute (Bsol) pre- and post-dialysis using the
following relationship:
Posm (pre)
— Bsol_(pre)/BW_(pre)
Posm (post) Bsol (post/BW (post)
BW (post) Posm (pre)Bsol(post)
BW (pre)
—
Posm (post)Bsol(pre)
At osmotic equilibrium brain solute contents must equal the
product of plasma osmolality and brain water content. If we
assume that all brain solutes except urea remain constant during
dialysis,
Bsol (post) = Posm (pre) x BW(pre) — A Brain urea content
BW(post)/BW(pre)
Posm(pre) x BW(pre) — A Brain urea content
Posm(post) X BW(pre)
If values for plasma osmolality, brain water and urea content
in the non-dialyzed uremic animals are entered into the above
formula as pre-dialysis values, a predicted value for post-
dialysis brain water content can be calculated from the pre- and
post-dialysis plasma osmolality values and the pre- and post-
dialysis brain urea content. This calculation provides the
change in brain water that would be expected if brain solute
content were to remain constant during dialysis except for the
modest reduction in brain urea. When plasma osmolality values
estimated from the serum sodium, glucose and urea concentra-
tions are used in the calculation, the actual and predicted
changes in brain water are nearly identical (+ 6 1% vs. + 7
1% in Group IV; 0 1% vs. 0 2% in Group III) (Fig. 1). When
8
I-
6
0)n 4
a,I-
C
Fig. 1. Predicted brain water, based on changes in brain urea content
alone, compared to the actual changes in brain water observed in
animals dialyzed without urea (DDS) and with urea.
thus,
Actual Predicted Actual Predicted
and thus,
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plasma osmolality values measured by the osmometer are used
in the calculation, differences between the actual and predicted
values remain statistically insignificant (+ 6 1% vs. + 3 1%
in Group IV; 0 1% vs. —l 3% in Group III). Thus, these
calculations suggest that the "reverse urea effect" is an ade-
quate explanation for dialysis-induced cerebral edema under
the conditions of these experiments.
Discussion
Based on the experiments of Arieff and co-workers [11—13],
the "reverse urea effect" has been discounted as a cause of
DDS [18]. Studying acutely uremic, anesthetized dogs, these
investigators compared the effects of rapid dialysis (decreasing
plasma urea from 70 to 25 m in 100 minutes) to slow dialysis
(decreasing plasma urea equivalently in 240 minutes). Cerebral
edema, which was observed only in the rapidly dialyzed ani-
mals, was associated with a 26 mOsmlkg gradient between brain
and plasma that could not be explained by measured changes in
brain electrolyte or urea contents. Arieff and co-workers attrib-
uted this osmolal gradient to the formation of brain idiogenic
osmoles. Due in large part to this finding, the brain osmolal
content in their studies remained the same or increased in DDS.
Although a small urea gradient (8 mM) developed between brain
and plasma, it was not large enough to account for the observed
increase in brain water. Consequently, brain swelling was
attributed to the formation of idiogenic osmoles rather than the
"reverse urea effect." Noting that CSF pH and bicarbonate
concentration diminished during rapid dialysis, the investiga-
tors suggested that the putative osmoles were organic acids.
In contrast, our findings support a primary role for the
"reverse urea effect" in the pathogenesis of cerebral edema in
DDS. There are several differences between our experimental
design and that of Arieff and colleagues which could contribute
to the disparity between our results. Our experiments are the
first studies of DDS in the rat. Use of this animal allowed us to
remove the brain quickly, without anesthesia or time-consum-
ing and potentially traumatic surgical exposure of the brain,
which might themselves cause tissue swelling. Our studies
measured changes in an entire hemisphere of brain, in contrast
to previous studies that have analyzed small samples of white
and grey brain matter. Our studies were also completed in
non-acidotic animals in an attempt to eliminate any confounding
influence of a rapidly rising plasma pH on brain metabolism.
In our experimental model, rapid correction of azotemia
resulted in cerebral edema, consistent with previous clinical
observations and studies of DDS in the dog. As in previous
studies, the 6% increase in brain water we observed could not
be explained by a gain of brain electrolytes. Our observations
indicate that the "reverse urea effect," rather than formation of
idiogenic osmoles, is the primary cause of this increase in brain
water. This conclusion is based on the assumption that pre-
dialysis brain urea content and concentration in Group IV
(dialysis without urea) was equivalent to that in Group II
(uremic non-dialyzed controls). Both groups were treated in the
same manner prior to dialysis, and their pre-dialysis plasma
urea levels were equivalent. Immediately after dialysis without
urea, the concentration of urea in the brain was 11 mM higher
than that of plasma. Because the pre-dialysis brain urea con-
centration was 17 m lower than plasma, the urea concentra-
tion gradient between plasma and brain increased by 28 mM.
Brain urea content decreased by only 13% during dialysis in
animals dialyzed without urea, in contrast to the 53% decrease
in plasma urea.
If the modest reduction in brain urea we observed were the
only change in brain solute content to occur during dialysis,
brain water content would be expected to increase by 7%, not
significantly different from the 6% increase in brain water we
observed (Fig. 1). Thus, the change in urea gradient between
plasma and brain induced by rapid hemodialysis is large enough
to account for the observed increase in brain water in our
experimental model of DDS.
Our observation that brain urea concentrations were consis-
tently lower than simultaneously measured plasma samples in
all control Groups (I, II, and III) conflicts with the findings of
some investigators [2, 9, 11]. Possibly, the rapidly increasing
plasma urea in our uremic model did not allow time for
equilibration between brain and plasma. However, a small
discrepancy between brain and plasma urea was also observed
in our non-uremic animals (Group I), and recently a similar ratio
of brain to plasma urea has been described by Lien and
co-workers in normal and azotemic rats [19]. Though it is
unclear why the discrepancy between brain urea levels oc-
curred in control groups, the observations were reproducible
and we were able to completely recover urea that was added to
brain tissue.
Both our studies and those of Arieff found no significant loss
of brain electrolytes in experimental DDS, despite a rapid
reduction of plasma osmolality and an increase in brain water
content. In contrast, when plasma osmolality is acutely reduced
by decreasing the serum sodium concentration, large losses of
brain sodium can be detected within one hour, minimizing brain
swelling [20—22]. In acute hyponatremia, sodium loss from brain
occurs primarily via bulk flow from the CSF [20, 21]. During
dialysis, influx of water into the CSF, driven by a urea gradient,
may decrease CSF sodium concentration below that of plasma.
This gradient, opposite to that produced by acute hypona-
tremia, may blunt adaptive sodium loss from the CSF. Alter-
natively, the uremic environment may alter osmotic defense
mechanisms against an acute decrease in plasma osmolality,
regardless of its cause.
We found no evidence that idiogenic osmoles contribute to
cerebral edema in our model of DDS. On the contrary, when
compared with group II (non-uremic controls), total brain
osmolal content in animals dialyzed without urea decreased by
more than can be accounted for by decreases in brain urea and
electrolytes. Accepted uncritically, this finding would lead to
the conclusion that idiogenic osmoles actually decrease during
dialysis. However, these findings should be interpreted cau-
tiously because of limitation in the accuracy of tissue osmolality
determination. The osmole content of brain tissue is calculated
from brain water osmolality. In our hands this measurement
had a standard error of about 5 mOsm/kg, similar to that
described in the work of Arieff and colleagues [11, 13, 161.
Though there was no significant difference in the brain water!
plasma osmolality ratio among groups, there was considerable
variation in this value. Because plasma and brain can be
assumed to be very close to osmotic equilibrium under the
conditions of our studies, any significant variation in brain
water/plasma osmolality is most likely artifactual. Thus, the
apparent loss in brain osmole content in animals dialyzed
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without urea is a consequence of the artifactually high brain
water/plasma osmolality ratio found in the non-dialyzed uremic
control group to which it was compared. Similar artifacts
operating in the opposite direction may underlie previous
conclusions that idiogenic osmoles form during dialysis.
In sum, our data indicate that the "reverse urea effect" can
account for the cerebral edema we observed in our model of
DDS. Although there is no evidence in our model indicating that
brain solutes increase, this possibility cannot be ruled out
because our measurement of these solutes was imprecise.
Adaptive changes in specific brain organic osmolytes have been
documented by several investigators in the setting of hypo- and
hypernatremia [19, 23—251. Measurement of these osmolytes,
rather than total tissue osmolality, may more definitively estab-
lish whether osmolytes accumulate or diminish in DDS.
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